DSN Progress Report 42-51

March and Apnil 1879

LAAS Studies: 26-, 34-, and 40-Meter Elements

W. F. Williams

Radio Frequency and Microwave Subsystems Section

The Large Advanced Antenna Station (LAAS) studies have now included arraying
maodified 3-meter antemas and new Smeter antennas, This article discusses the
microswave performance expected from these antenna elements when arraved and fed
with the new dual-band coaxial X{S feed. Performance of the 26-meter clements is also
discussed for comparison to the new maodified antennas.

l. Introduction

The Large Advanced Antenna Station (LAAS) program is
an ongoing study to determine a most cost-effective way to
obtain a substantial increase in RF performance for a new
DSN station, over that presently available with the 64-meter
antenna network, Early in this study it was determined that
this increase could be provided by a high-grade, 100-meter
reflector utilizing specially shaped surlaces and improved feed
horns, as well as updated electronic equipment. Later, arriys
of smatler antennas were investigated for performing equally
to the basic 100-meter wnit, Various sizes were considered.
These are discussed in Ref. 1. This has led finally to a study of
some specific arrays utilizing modified versions of the existing
o-meter antennas of the DSN and STDN. as well as some new
antennas,

Subjects to be discussed in this report are the microwave
performance of improved 26-meter units, the 34-meter units,
which are built by modifying the 26-meter antennas, and
J0-meter antennas, which are new,

lmproved 20-meter antennas are obtained by relocating the
antennas at 4 common array site and installing new subretlec-
tors more suitable to Xeband.
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The 3d4mcter antennas are obtained by expanding these
26-micter antennas (o the farger diameter. New surluces are
provided according to special shaping that vields a near-
optimum  combination illumination and spillover efficieney.
The newly developed coaxial N/S horn is used in determining
this shaping, and the location of this feed relative to the
reflector vertex is held near 1o that of the present Joameter
antennas so that the present feed cone and feed cone designs
can be used, This shaped design is @ “best fit™ to the 2o-meter
paraboloids. which minimizes structural changes and suggests
that some 26-meter pancls might be reused.

The new J0-meter shaped antennas are similarly deter-
mined, and the existing feed cone desipn can be used. An
alternate 40-meter design is presented that uses a larger coanial
N/S teed, but again the same teed cone, This design permits a
larger equivalent focal length to diameter (F/D) ratio tha
would, perhaps, be more easily constructed.

Il. The Antenna Types
A. Relocated 26-Meter Antennas

An example of this antenna is the 2e-meter antenna located
at DSS 11, These antennas can be used at Neband with ihe



provision of new subreflectors that are better suited to X-band
performance, This subreflector (requiring new tooling) would,
relative to the present subreflector, remain at dameters diame-
ter. but the outer flange region would be reduced in width and
the vertex cone would be smaller,

The radiation pattern of the X-band frequency, X/S horn.
was theoretically scattered from this new subreflector design
to determine microwave performance. The result is depicted in
Fig. 1. The central hole region, 28 deg from O deg. is very
noticeable showing the success of the central vertex plate. The
caleulated efficiencies of this pattern are indicated below:

Forward spillover 0.988
Back spillover 0.998
Mumination 0.832
Cross polarization 0.997
Phuase 0.968
Central blockage 0.990
Total RF efficiency 0.784

A dual-hvbrid mode corrugated horn has been developed
for enhancement of performance at DSS 14, This horn has a
pattern shape that results in a higher illumination efficiency
when using the stundard  paraboloid-hyperboloid cassegrain
system. The radiation pattern of this horn was also theoreti-
cally seattered from the new subreflector with the result
shown in Fig. 2. The more uniform illumination function can
be noted here when compared to Fig. 1. Below are tabulated
the efficiency numbers:

Forward spillover 0.961
Back spillover 0.997
IHumination 0.889
Cross-polarization 0.998
Phase 0.961
Central blockage 0.990
Total RF efficiency 0.809

This represents an improvement of over 2 percent. Although
the illumination efficiency improves by over § percent, much
of this is lost in additional spillover from the sidelobes of the
dual-hybrid mode horn, It should be pointed out that in trials
nsing the special shape type of surface. all illumination ol
ciencies became very good and the dual-hybrid mode ofters no
particular advantage. To complete this picture., the standard
2208 gain o pattern (X-band) was also scattered from the
new subreflector. The results below: .

Forward spillover 0.960

Back spillover 0.m97
Mumination 0.830
Cross polarization 0.997
Phase 0934
Central blockage Q.000
Total RF efficiency 0.733

This again shows the improvement to be obtained using the
dual-hybrid mode homn,

B. 34-Meter and 40-Meter Performance,
Speclal Shapes

The NX-band pattern of the new N/S feed horn is used to
determine the special shapes for both the moditied 34.meter
antenna and the new proposed 40-meter antennas, Resulting
shapes are similar and the final scattering s similar, Figure 3
depicts the solution for the 40-meter dish. Note that in hold-
ing the feed focus at S.18-meters from dish verten and using
the 17-deg N/S feed. the equivalent F/D has become 0L3. e
a very deep dish,

When the N-band pattern is theoretically scattered from the
Jdmeter and d0-meter shaped subretlectors, the following
results:

Sd-meter 40-meter

Forward spillover oma2 (VODN
Back spillover 0.996 0007
Hlumination 0.9383 0.087
Cross polarization 0.999 0.099
Phase 0.994 0.998
Central blockage 0983 0980
Total RF efficiency 0.950 0.960

1t should be noted that a slight advantage acerues ta the larger
antenna, Figure 3 depicts the scattering frem the d0meter
antenna subreflector,

When the dual-hybrid mode horn is used tor shaping deter-
mination, the final reflector is more closely o paraboloid.
However, illumination etficiency is no better than the above
cases, and forward spillover is worse, with a tinal result that is
1.5 pereent below the 34-meter unit.

C. Using a Larger X/S Horn

1t is. of courge, possible to use the N/S horn gain-limited
technique with ditferent horn Nare angles and consequently
ditferent illumination angles for the subreflector. Forinstance,
it a warrower Nare angle is used with this gainclimited techni-
que. then the beams will be narrower also.
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A 14.deg half fare angle horn (instcad of a 17.1-deg horn)
was chosen to use in a sample shaped antenna design of
40-mcter diameter. The constraint was that the feed horn
focus have the same location from dish vertex as the other
designs, about 5.18-meters, allowing the same feed cone use.
The result of this design was an increase in the equivalent F/D
from 0.3 to 0.35, which is perhaps mechanically desirable.
Further increases in horn size would permit F/D to approach
0.4. Of course., if greater feed location displacements from dish
vertex are allowed. then larger F/D values are possible without
the larger horns,

The RF efticiency of this configuration was cssentially the
same as the other 40-meter design, about 96 percent.

Iil. Other Factors

Surface tolerance efficiency follows the formula of Ruze
Ref. 2:

surface effiviency = ¢ |

with ¢ equal 1o the rms variations of the surface from its
preseribed values, The rms varintions for the 26-meter anten-
nas are about 1.3 mm, and this results in a surlace efficiency
of 0.757 for these antennas. The Xd-meter modifications
would, as discussed above, include mostly new specially
shaped reflector sections mounted on the old existing struc-
ture. The mechanical design estimates for the rims ot this
madification are about 1.23 mm, This results in a surlace
toleranee efficieney for the 3d-meter antennas ot 0824,
Potential supplicrs of new 40-meter antennas have indicated an
s estimate of 0.9 mm, or surlace efficicncy of 0.903.

The spars or subreflector support legs block or interfere
with the aperture distribution, This “spar blockage™ efficiency
is dircetly proportional to the pereentage area being blocked.
It is not quite so simple though, because the spars may be
small enough to discount a geometric optics view altogether.
Also, because of the real aperture distribution being somewhat
greater in the central region, spar shadowing in this central
region becomes more important, These factors and past experi-
ence leads us to a modification of the spar blockage efficiency

rule, as follows:
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spar blockage efficiency = (l - I.Z-—l—-)
o
with A, the subreflector blocked area and A, the main retles-
tor nperlurc areld.

Spar area blockage on the Z6-meter antennas is sbout o
pereent, resulting in blockage efficiency of 0.861. For the
modified 34-meter antennas, a value of 4.5 pereent is exe
pected, for a blockage efficiency of 0.895, An estimate for the
larger JO-meter antenna is § percent for a blockage efficiency
of 0.884,

These antennas are to be arrayed in various ways to achieve
a final gain in excess of 77 JdB. It is anticipated that in
performing this arraying, cach antenna will sutfer a further loss
of 0.17 dB. meaning an additional efficiency term of (L90,
here called the “array efficiency.” Also, cach hom system will
suffer some loss from dissipation and VSWR. This loss, or
efficiency term, is estimated gt 0.98 for the N/S corrugated
horns.

The DSN 26-mceter antennas luve perforated sheet metal
pancls for lightening the main reflector. An investigation (Ref,
3) of these holes in g “worse case”™ indicated that they might
add an additional 0.4 Kelvin 1o noise temperature, which will
be ignored.

IV. Final Performance of the Array

Below is tabulated the efficiency performance of cach of
these antennas as elements of an antenna array,

Spar Sur-  Array Pereent-
block:  face  com- VSWR e
Antenna age s bining  loss R¥ total

2o-meter 0861 0.737 096 0MN  0.784 48
emeter 089S 0823 006 098 03 o0
J0-meter 0.884 0903 096 0498 0490 72

These larger antennas are compared with the present o
meter antenna with its standard feed in Table 1.

We note that, evervthing else being cqual, e it all an-
tennas were the same diameter, the improvement tfrom shap-
ing, a more accurate surtace, and a more efficient horn feed, is
nearly 2 dB.
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Table 1. Comparison of antennas by size and type

. Iancter d0-mcter
Patameter 26-meter parabotoid

shaped shaped

Leed weed 22.48 Dual - Xof Nof Nof

ced el standard  hybrid mode  N/S N/S \/S
Etficiency, %a 46 S0 48 66 72

AdB (every-
thing else -1.9% -1.5% -1.76 -0.38 Q
being equal)
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Fig. 1. 55modes of the theoretical 17.1-deg horn pattern at 8.415-GHz scattering from the subreflector of the 26-meter antenna
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Fig. 2. §5 modes of the dual-mode horn pattern at 8.415-GHz scattering from a 26-meter antenna (54-in. hyperbolold)
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Fig. 3. The “best fit” sofution of a 40-m antenna using 8.45 GHz of
the X/S horn

-s}-

\ A 1 ETHEATA
~201- 1 X 1 € PHI

25

.30 |-

-3

2%

«40 i ! I 4 { i J\ Il i i 1 {
-0 -8 <70 -0 «50 -40 -3 «20 10 0 10 20 » 40 30 60 70 80 90

POLAR ANGLE, deg

Fig. 4. Scattering of X-band of the X/S horn from the shaped subreflector of the shaped 40-meter antenna
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